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Appraisal of Content s 3 

1* So far as is known, £»at German development of ooaputing machines above 
the level of simple mechanical or electrical instruments has been carried 
out at only three places i 

a* The Academy Institute for Medicine and Biology in Berlln-Buoh, 
where development of a Fourier synthesis analog ooaputer of the 
Pepinsky type has been carried out' under the supervision of Sr* 
Easts Dornberger, head of the Crystal Struoture Analyaia Croup of 
the Institute* The ultimate ala of this development is the ooa* 
struotion of a maohine for the synthesising of tvo«dlmenslonal 
Fourier series. So far, even the construction of a one-diaenelcmal 
model has met with many difficulties mainly eaused by unauooesafal 
attempts at davsloplng a suitable elnus generator as tha machine 
element* At present Dr* Dornberger and her group are still word- 
ing on this dsvelopmsnt but its suoosssful completion oannot he 
expected in the foreseeable future* 

VEB Carl Zeiss, Jena, where a co mp uter called Coreas * operated 
by a -numhax relays'* 'has bfth davaiopyant und er taa~- 



scientific §upervision_of Dr* Herber t Fortum*. This development 
--^satill in its initial stage and baa hardly progressed beyond 
experimental blueprinting and the oonetruotlon of a provisional 
raok for the relays. 

Tho Institute for Applied Mathematloe at Dresden Technical Uhl* 
varsity, whsrs_Prof . j* Jo ao hla L ehmann ha e worked on tha develo^- 
"~l eni'"df a di gital ooaputer einoe^T94d»_if Lehmann ’e ”fi*»i“proJed'ie 
are coujTtad aa the~Ttart oT~lSIs 'development*. From 1950 on, the 
development has been carried out jointly eith technicians of T23 
Funkwerk Dresden in a speeial laboratory of the latter enterprise. 
The devalocaant cf the aaohine was sdhoduled to be eeapleted by 
the end of 1954. However, as of January 1955* development ef aa 
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ex, orlncntal with 250 eleotron tub 03 had not boon 

ooaploted. Coaplotion of tht final nodal la not oxpeotod before 
tho «nd of 1955* Contrary to tha Borlin-Buoh development, Le hmann * a 
attaapta have so far oat with success, lnaaauob aa tbs aoat tistn* - 
tlal clroult olaaanta of tho experimental models bare worked sat- 
isfactorily in trial cirouita with 150 and 250 tuboa. Tha filial 
aodal la to bawa 620 alactron tubea of the RY 12 ? 2000 type*. 

2* Sinew tba Berlia-BuQh development pertains to an analog computer and 
ainoa tha basio idea and computations for tho Opreaa dewelopaent at 
Zeiss, Jana, wero provided by Lehmann, the atatenant eeans Justified 
that -Saa.tjSo Tgan digit al computer .development Is centered at Dresden 

Technical. Cnivaratty. Eohmann may be conoid erod as. jtbe. . greatest-' 

* East Carman authority on Tiiltal^ ocmpu terrde Valo pnant. in addition to 
the Breeden computer development, he works as a scientific advisor for 
the computer developments going on in Jena and Bo rl in-Bach. While he 
obtained hie firs* ideas for the Dresden development from Prof. F.A. 
fillers, a noted authority on nuaerioal calculations and math-amatleal 
instruments, he started to conceive projects of his own for the develop-’!, 
nant of a digital conputer in 1948 when ho first heard about the 
Amorlcan EHIAC conputer. Lehaann 's theoretical work on coaputers is 
gTeatly influenoed by computer research carried out in the USA, England, :!.', 
and Switzerland. Be has also taken several trips to Test Germany in 
order to study the computers in Goettingen and Hamburg. Essential 
features of his model are based on the following papers: 

a. A. P. Speiseri "Entwurf eincs elektronischen Rechengeraets", 

Mittellungen des Institute fuer angewandte Kath- 

eaatlkflidgsnoesaische Technische Hochschule, 

Zurioh 1950, Ir. 1. [ 

b. H. Rutishauser* A. P. Speiser* E. Stiefeli "Progransgesteuerte > 

digitale Baehengeraste": lo 1951, Br. 2. 

... t\. 1 

c. D. J. Wheeler: . "Program Organization and Initial Orders for the 

EDS AC", Proceedings of the Boyal Society 202 

(1950), 573-589. 

d. H. Billing: "fuaeriache Hechenaaochinen sit Magnetophonapeich^^' 

er", Zeits shrift fuer angewandte Xathematik und 
Xeohanlk 29 (1949), 1. 

5. The Dresden computer is a small digital machine, a "Zleinautoa&t”. 

As characterized by Dr. Lehmann, **lt is to "allow the eaay handling of 
all routine problems of practical analysis; its computer speed should 
also allow the occasional handling of simple partial differential 
equations"*. The size and operational scope of the machine were largely 
determined by the consideration of material and maintenance expenditure*. 
fhS* ruled out entirely any attempt at developing a computer similar to 
tho big machines constructed in the USA and England. According to Dr. 

Lehmann , the Dresden machine represents the most farorable solution In 
view of the most favorable relation between performance and expend- 
itures. The aagnstophone principle was selected for the numerical mem- 
ory (Spsicher) of the machine aa the cheapest, but aoat efficient, 
principle available at the present state of technology* 

4. Following ora the most eaasntial construction elsmsnts and functions 0? 
tho Dresden machine®: 
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e. The aamnstos hoetromcelsselcher . s aafnato^hoM dram upon •bleb 
numbers oodod 11 binary numbers (is Dualsyetea versehlueeaelt), 
are stored as nagnetle dipoles* This Svsloher * vblob holds abort 
2,000 numbers of 20 deelaal digits each, verbs vlth about ICO rpo 
end 100 lea digital train frequency (Ziffernfolgef request)* 

b* The electronic Baohanwark carries out the four basic caleolmtlca 
types and the conversion of deelaal nuabers (tetrad Ieoh ver- 
schlueaselte Desiaalsahlen) Into binary makers aad Tice versa* 



o* The control of the computing operations is of the electronic aeao* 
address-ays tea-control type (elektronlsebe Kontrolle la Blaadrssseo* 
ays tea). The commands are ooded as nnabers aad pool e* la the aeo* 
ory. The required auxiliary installations are ceeblasd la a sepa- 
rate Computing control neehaaisa (Steuerreehenwerk). 

d. Input cf nuabera <j« command* is carried out by the scanning of a 
punched card (Ix>ch8t..*eifen). It is planned to replace the cards 
later by magnetophone bands. The input meohanlsa can also be 
hand-operated for control purposes. 

e. Output of results is done with the aid of Blatfcachrolhwy or 
Streifenlocher. If B lattachreib er are used, intermediary tests earn 
also be written. 

The following advantages of the Dresden computer vers particularly emphasised 
by Dr. Lehmann t 

a. The Majmetophontroamalapslnher . which Is the main memory of the 

device, is being used for computing purposes as veil Isa for Control 
purposes. This tvofold purpose Is performed by means of a device 
called T2alaufapeidher (see figure 1 la appendix 1). As ah ova la 
figures 2 and 3 of the appendix 2, tho memory can also be need for 
delaying purposes (Tersoegorungasveoke) , and for cosou table Maying 
(uaschaltbare Terzoegerung) • 

b* Conversion of decimal numbers into binary ones and vice versa is 
. particularly simple* 

c. Lack of certain control poeall&itlee la compensated for by the 

low . material and money expenditure and by the insignif- 

icance of error sources. 

d. The alcoet exelualve use cf electron tubes Ih circuits modeled 
after those developed by A. H. Aiken'. It was originally planned 
to make ample use of relay circuits* This idea was discarded after 
it vas found that use of relays within the interior parte of the 
machine caused loss cf time and disturbances (Stoerstellea)* 

Belay* are used in the border parts (Baadstallaa) » l*e. in the input 
ansrf output installations of the machine, for material-saving rsamc 
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Organisation, function and ,orformanoe of the Dresden eoaputori 
a. The RiShSUSSI^ 

The Reqhenwark io able to carry out— wikout the uao of the acxory— 
expressions of the following font 

c CO* Q'b'C • • • «f K • ••+1 ’ ' m J ~ M 

Subtraction and division oan bo aubatitutad for addition and 
multiplication in tho above forarula. This coda of operatiov, 
whlob la tha ona boat adapted to the conoaddresa nrw I spates, 
allows tho computing in one operation of aealar products and poly- 
nonoa, according to the Horner echoes. In order to ears catorlal. 
the seohanism works with a fixed coosa (decimal point), which la 
placed after the sixth dealaal digit. The essential parts of the 
Heohanwexk are three registers (Register of tbilauf apaieher) , and 
an aoouculator (Akkumulator) in an addftlon and subtraction circuit. 
The principle of the Hschenwork is indicated in figure 4 of appen- 
dix 3, where the full linen represent nuaber circuits and the dotted 
lines control circuits. Tho snail oroaoss within tbs lines indicate 
switch positions (Schaltstellen). The letters in the diagram no an 
the following! 



Si nuaber input 

Ir nuaber input for parenthesis-multiplication 
operation 

Sp: exit to Speicher 

AC i accumulator 

Hd and Mri registers (ttelauf speicher' for multi- 
plications and divisions. 

Ts register for the adding cf products 

Vs sign computer 

negative numbers are marked in the memory by a special sign impulse. 
In the Rechenwerk a counter modulo 2 (called trigger) is coordin- 
ated with tha Sd register. In the T register negative numbers 
first appear as complements bat they are later separated into si gas 
and absolute values. Thus multiplication and division of positive 
numbers only is required and no complement installations are 
necessary. Multiplication and division are carried out as repeated 
additions and subtractions, as desoribed by Speiser in the paper 
mentioned in paragraph 2. a. above. Tha Bcohenwaric thus is able 
to carry out a nuaber of command sequences corresponding to the 
formula cited at the head of paragraph 6. a. The computing tinea, 
including search tine In the memoty, are on the average! 

6 mllll-aeconds for an adc'ition 
30 milli-seconds for a multi, lication 
42 xilli-aeoonds for a division 

Considering thv average distribution of computing operations 
(about 32 multiplications and 9 divisions par 65 addtticsss), and 
ao as time delays caused by the giving of oc^assds, the above 
figures signify that about 50 operations oan be carried out per 
second. The multiplication time la relatively lmg» fir. Lelman 
le now working on its reduction. Be la reported to have succeeded 
in reducing it to about 22 ailli-aeocada. 
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Ths Spelohar (storage) 

Tba sain memory la an alactrcnlc draa about 25 can ;»et»r* leag 
•1th a disaster of ab.ut 7Z oa. Ita surface is ccve.ed with a 
magnetite layer on «hlch n mbcrs art atorad aa magnetic dipoles 
a 1th tha aid of ^number of alnata sagne to phone baa 4a. The d Islam 
between ths magnetophone haada and tha magnetite layer la 0.0$ 
■llllaater. For raasona of correct funo tuning only two digits 
are atorod per allllaater of tha drja elrwuafaranea. With tha in 
rotating at tha rate of 100 rpa, aa aanticncd above, Xtm mean 
acarch tine in tha neaory la 5 mllli-second*. Only 16 numbers an 
on on# drua clreuafaranca. Since tha drua hold# a total of about 
2,000 nuabera, 126 Individual channel a are needed on the draa. 
According to routine methods, 128 magnetophone haada and ooTaral 
hundred tubes would tharaforo be rsqullrwd. In order to a aw mat* 
rial, Or. Lehnann arranged two acta of 8 magnetophone beads each 
in such a way that each set of • can bo depleted along tha axis ol 
the drua with the aid of a slide nechanisa. *his elide aachaniaa 
can assume 8 different electro-magnetic position*. In this way tl 
16 magnetophone heads in the two sets control 128 (naaely, 2 tlaas 
8 tines 8) channels. Operation of the slide rochanisa into diffai 
ant positions takes between 50 and $0 ailli-ssconda. Since 2$6 
storage sections can always be reached at the dams tine within $ 
oil 11 -second s, the described arrangement increases the total compt 
lng time by less than 10jC, whereas expenditure of electronic mats* 
aial is decreased by about 80^. T> e 16 magnetophone heads warn* a' 
the same tine for "reading" and "writing". They are operated by 
circuit tubes which in turn are controlled with the aid of small 
resistor and diode matrices by the flip-flop ciroults of tha com- 
mand register. Selection df a number within a channal ie provide 
for in the following way t Bach storage section "i" among the 16 
of itn kind on a drua clrcuafersnee is coordinated with a pra- 
m&gnetlzed co:l Sp A . Exactly at the time when the i-th storage 
section arrives underneath a magnetophone head, a voltage impulse : 
induced in Spj. through a mark applied to the drum. The impulse 
serves for releasing the input or put:ut of the contents of tha 
i-th storage section. The coil Sp. is controlled by means of a 
rectifier in 'the command instalment. This proesdur* is called 
"angle selection" (tfcnkelwahl ) ; the corresponding aachaniaa is 
designated b>; WW IB. figure $ of appendix 4. 

The Steuerrochenwark 

This carries out the commands in the prescribed succession as 
stored in the main memory in the form of coded numbers. It can 
also perform minor calculations of auxiliary character, counting: 
command changes, etc., without the use of thw Bechonwerh . A 
c om mand consists of three parts: one of them indicates the opwrat. 
to be revried out, another indicates th* storage section of tha am 
otj which is involved in the operation, and tie third is a two- 
digit number characterising the command itaif (Eennslffer) . Carr; 
lng ofat of the co mman ds la dor.s with thv aid of a command oeuatax* 
(Befehlazaehler — aa Uta#aufspeicher with addition slrcuit), aa 
intermediary command Soelchcx (Befehlsswiachsnspeichar), and the 
command register (all these parts are indicated in figure 5). The 
described command device was extended to a Stsnsrrsdhenwexk aalnl 
through tha addition of three auxiliary paiaufsccichar (lilfa*- 
geicher S 1 , S 2 * and 3^ in figure 5). These three auxiliary 
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Spctclw a ra arranged lnbcut th*. ssc» way ts t! c 3- tuba In th 
En'cTiah computer l \ Manchester. Thu S 1# 5o, anJ 3j tlflfsaoolch 
asks it possible to carry out auxiliary calculations without 1 
rupting th calculating operations in Mho Rachen 3ark. 



U. The Elngobo.-.ark and the .uagsbewerk 

Input of numbers anc commands ia corrlod out with the aid of a 
Loch a tre If an mechanism. Beaulta cun either bo printed or pune 
Punching of the results boccass necessary if the total capacit, 
the aeaosy within the device (interior memory capacity) la net 
sufficient for atnrlng all intermediary results; the Lochetralf 
la then used aa "exterior memory". The rasters, and in a sial 
way the ?onman a t are represented on the Lcchotrelfen In the 

51 K 



with the absolute value of z eaaller than 10^ and k aeouaing tl 
values 0, -3, -6, -9 , and -14* If 20 Lochrelhen (decimal nuabi 
are scanned per seoond the filling of tbs entire aeaory of the i 
vlco takea between 10 and 20 minutes. In order tc save tine lr 
the handling of extensive amounts of numbers (for instance wh< 
ever the Loch strei fen must be used as auxiliary memory) , anc t 
in order to save time during the punching and printing of many 
intermediary results, a siccinl rufferacelcher (Omlaufspeicher 
with double number length) is built into both tho Einjrabcwerk c 
the Aur.gabowcrk (ZP in figure 5») These Fufferspcicher at meat 
times function independently of the ether parts of the sachln 
Only when a number is transferred fror them to the Mochenwerk c 
when a number is taken fr«m there, connection with the R.echenwer 
is established for about 30 milli-seconds. During the some tim 
the conversion cf decimal into binary numbers and vice versa, i 
carried out. according to Horner's schema, the binary equivalen 
of the dec.mal number a, b, c, ... is 



( (jk- L'jLO + b) Li’Lj+ 



ji. c f 



whereby a and b and c, etc., are dualVerschiuosselte Zlffern" 
Multiplication with LOLO is carried cut in & olrcult as inilcat 
in figure 6 (appendix 5) with the aid of the "Addiator" and the 
register of the Rechenwerk . Tho sflSs mechanism carries out re- 
conversion of binary into deoimal numbers. /» regular eleetrlo 
typewriter is used for the printing of results. The keys of th 
typewriter are operated b; relays. The typewriter speed is abo 
15 strokes per second. The punching mechanism mentioned bove 
operates with a relatively low spped of 5 punch eerios (Lochral! 



per second. 



Figure 5 (ep^endix 4) represents the total circuit scheme of the Dres< 
maonine. Following is the meaning of tho letter designations used th« 
(in Cerman nomenclature ) 1 
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Bpalohartrccaal 

VilX 4« Treat# 1 fMT Oblaafapalahap 

flafcalwaablar alt Spuloa Sp, 

la^Mtopboakoapfa 

Sob 11 itmrmTsohf.tbnsig 

■aaptkanal faar bLao sal Safahla 

a^ehroalalamik 

laahamik 

Akkoaalator 

Ultaart alt iMbla^alclMr 

ZaUMMMfUl 

Klagaba-Puffara pal «bar 

Lochatralfaaaataatar 

Bafohlarwglstar 

Adrwaaantail 

Oparmtio&atall 

Bafahlakaa&slffar 

Hllfsainrlehtaag *or Oauaadlnag das Bafahla la Parallel* 

daratallaag 

Stattarraohanwark 

Bafahlssaahlar 

Bafahlsswlaohoaapalohar 

Zahlanpuffarapalchar 

Bilfaapalchar 

Diakrialaator 

Laitaark fuar BZ and BZ» 

Tartallar 

Auagaba-Paffarspaiohar 
Blattaohralbar ttad Locbar 



8. in an aaaaaaaoat of tba aaehina aada by Dr. Labasaa for ZAP?, ha atatad 
that tba ooaputar la oapabla of carrying out 50 oparstlona par aaooed, 
and aftor raduotloa of tha multiplication tloa, 70 c jaratloaa par aaeond} 
that It haa a storaga capacity of 2,043 daolaal anabara of 20 digits 
aaoh or of tbraa tlaao that wuch of ccamadai aad that It baa aeay ad- 
vantages facilitating Its "prograa o pa rati ac*. Caspar lag this with tba 
relatively aaall caabar of only 620 aloetroa tabes naadad, tha relation 
batman pcrforaance aad aspaaditura waa Judged by Dr» tah s aw r aa being 
axtranaly faworabla®. 
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1 « Field Comwat . See C3-25732, C8- 30179, 08-3*937, 08-1*5120, C3-44yi0, CS -46624. 

». Field Comment . Se«i CS-54291. ) 
i. FUld Co— Dt . 8<« C8<*2577, C8-51407. 

4. Fit Id Crrmmnnt . The piano and blueprints for the Dresden computer were 
changed several Haws during the development. Zn tbe present report, 

Lehmann's Ideas -regarding the final model of the aaehlne are reported. 

Barller reports on the aaehlne should be Judged as referring to plans 
which underwent repeated changes. 

5. Field Comment . The quotation above, as well as the drawings attached to 
this report and most of the following data are taken from a paper "Report 
on the Project for a Snail Computing Automat, at Dresden Technical Univer- 
sity" written at an unspecified time by Lehmann, originally for publica- 
tion. However, he was forbidden by the East German gove rnm ent to publish 
this paper. It is now kept in the archives of the Institute for Applied 
Mathematics at Dresden Technical University. Copies of It vent to the 

East German Academy of Sciences and to the Central Office far Rseeerch , 
and Technology 1ZA7T) of the Sac l German State Planning Coaaisalon* 

6. Field Comment . German nomenclature is used wherever practical. 

7. Field Comment . Mentioned In the paper cited in paragraph 2.b. above. 

0. Field Comment. As stated in CS-51487, a rack with 250 electron tubes 
had been completed by October 1954* The memory device described in 
CS -51487, which differs from the memory device described In this report, 
is a preliminary one. According to Lehmann's plans the, final model will 
have toe meaory described in this report. It is now under construction. 
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